PHOSPHOR 



Field of the Invention 

The present invention relates to a phosphor suitably used 
in a vacuum ultra-violet radiation excited light emitting 
element such as a plasma display panel (hereinafter referred 
to as PDP) and a rare gas lamp, and to a vacuum ultra-violet 
radiation excited light emitting element in which the foregoing 
phosphor is used. 

Background of the Invention 

A phosphor excited by vacuum ultra-violet radiation or 
the like to emit light has been proposed. For instance, 
BaMgAli 0 Oi 7 :Eu consisting of Ba, Mg, Al, O, and an activator 
(Eu) has been practically used as a blue phosphor for use in 
a vacuum ultra-violet radiation excited light emitting element , 
and Zn 2 Si0 4 :Mn consisting of Zn, Si, O, and an activator (Mn) 
has been practically used as a green phosphor. Examples of 
practically used red phosphors include (Y, Gd)B0 3 :Eu consisting 
of Y, Gd, B, O, and an activator (Eu) . However, to more suitably 
use the phosphors in PDPs , further improvement of the luminance 
of the phosphors is desired. 

Recently, a red phosphor consisting of Ba, Gd, B, O and 
an activator (Eu) , expressed as BaGdB 9 0 16 : Eu , was reported by 
Georgia Institute of Technology ( Extended Abstracts of the Sixth 
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International Conference on the Science and Technology of 
Display Phosphors, pp. 17-19) and has drawn attention. 

Summary of the Invention 

An object of the present invention is to provide a phosphor 
having a high emission luminance and a vacuum ultra-violet 
radiation excited light emitting element in which the phosphor 
is used. 

In such a situation, the inventors made earnest studies 
to solve the aforementioned problems, and consequently found 
that a phosphor having as a mother crystal a compound crystal 
consisting of Ba, Gd, Y, B, and O, and containing at least one 
or more substances selected from the group consisting of Ce, 
and Tb as an activator has a high emission luminance. Thus, 
the inventors have completed the present invention. 

More specifically, the present invention provides a 
phosphor comprising of Ba, Gd, Y, B, O, and at least one selected 
from the group consisting of Ce, and Tb. The present invention 
also provides a phosphor suitable used in a vacuum ultra-violet 
radiation excited light emitting element , and a vacuum 
ultra-violet radiation excited light emitting element in which 
the above-mentioned phosphor is used. 

Detailed Description of the Invention 

The following description will depict the present 



invention in detail. 

The phosphor of the present invention is a phosphor 
comprising of Ba, Gd, Y, B, O, and at least one selected from 
the group consisting of Ce, and Tb, and at least one selected 
from the group consisting of Ce, and Tb is preferably used as 
an activator. Furthermore, the phosphor is preferably 
expressed by a composition formula of BaGdi-a-bYaLn b B 9 Oi 6 (where 
Ln represents one or more selected from the group consisting 
of Ce, and Tb, and a and b satisfy 0.052sa^l and 0.003^b^ 
0.5, respectively). Since such a phosphor of the present 
invention has a high emission luminance particularly when being 
excited by vacuum ultra-violet rays, it is suitably used in 
a vacuum ultra-violet radiation excited light emitting element . 

The phosphor of the present invention can be produced 
in the following manner. 

Examples of materials to be used as a source of barium 
include: substances that are decomposed at a high temperature 
thereby becoming oxides , such as hydroxides , carbonates , 
nitrates, halides, oxalates, etc. with a high purity (not less 
than 99%) ; and oxides with a high purity (not less than 99.9%). 

Examples of materials to be used as sources of gadolinium 
and yttrium include: substances that are decomposed at a high 
temperature thereby becoming oxides , such as hydroxides , 
carbonates, nitrates, halides, oxalates, etc. with a high purity 
(not less than 99%); and oxides with a high purity (not less 



than 99.9%) . 

As boron materials, boron oxide, boric acid, etc. with 
a high purity can be used. 

Examples of material containing cerium, or terbium that 
can be used as an activator include: substances that are 
decomposed at a high temperature thereby becoming oxides , such 
as hydroxides, carbonates, nitrates, halides, oxalates, etc. 
with a high purity (not less than 99%) ; and oxides with a high 
purity (not less than 99.9%). 

The method for manufacturing the phosphor of the present 
invention is not particularly limited, and the phosphor can 
be manufactured, for instance, by mixing and calcining the 
aforementioned materials. The phosphor expressed by the 
preferable composition formula of BaGd 1 - a _ b Y a Ln b B 9 0 16 (where Ln 
represents one or more selected from the group consisting of 
Ce, and Tb, and a and b satisfy 0.05^a^l and 0.003^b^0.5, 
respectively) is produced by weighing and mixing the foregoing 
materials so that the foregoing composition is obtained and 
calcining the same. It should be noted, however, that normally 
the boron source is excessively mixed therein since a boron 
compound tends to decrease by evaporation during calcining. 
To mix the materials, a ball mill that is normally used 
industrially, a V-type mixer, an agitator, etc. can be used. 

After mixing, the obtained mixture is calcined at a 
temperature in a range of approximately 900°C to 1100°C for 



approximately 1 to 10 hours, whereby a phosphor of the present 
invention can be obtained. In the case where substances that 
are decomposed at a high temperature thereby becoming oxides , 
such as hydroxides, carbonates, nitrates, halides, oxalates, 
etc. are used in materials, it is possible to pre-calcine the 
mixture at a temperature, for instance, in a range of 
approximately 600°C to 800°C before the main calcining. 

An atmosphere for the calcining is not particularly 
limited. In the case where cerium or terbium is added as an 
activator, the mixture is preferably calcined in a reducing 
atmosphere such as nitrogen or argon containing about 0.1 to 
10 vol% of hydrogen. The atmosphere for the pre-calcining may 
be an ambient atmosphere or a reducing atmosphere . To promote 
the calcining reaction, an appropriate amount of flux may be 
added . 

Furthermore, the phosphor obtained by the foregoing 
method may be crushed by means of, for instance, a ball mill, 
a jet mill, etc. The phosphor also may be washed and classified. 
To improve the crystallinity of the obtained phosphor, it may 
be re-calcined. 

The phosphor of the present invention thus obtained 
exhibits a high luminance when being excited by vacuum 
ultra-violet radiation, and therefore, it is suitably used in 
a vacuum ultra-violet radiation excited light emitting element 
such as a PDP or a rare gas lamp. 



A PDP in which the phosphor of the present invention is 
used can be produced by a known method such as the method disclosed 
in JP 10(1998)-195428 A. Blue, green, and red phosphors for 
use in a vacuum ultra-violet radiation excited light emitting 
element are mixed in an organic solvent and a binder made of, 
for instance, a cellulose compound, or a polymer compound such 
as polyvinyl alcohol, so that a phosphor paste is prepared. 
The paste is applied, by a method such as screen printing, over 
an inner surface of a back substrate that is divided by separation 
walls in a strip form and is provided with address electrodes, 
as well as surfaces of the separation walls, and the applied 
paste is dried. Thus, the phosphor layers of the respective 
colors are formed. A surface glass substrate is laminated and 
bonded thereon, which is provided with transparent electrodes 
and bus electrodes that are directed in a direction orthogonal 
to the phosphor layers, as well as a dielectric layer and a 
protective layer on its inner surface . Then , the inside thereof 
is evacuated, while a rare gas such as Xe or Ne is introduced 
and sealed therein at low pressure, so as to form a discharge 
space. Thus, a PDP is produced. A vacuum ultra-violet 
radiation excited light emitting element such as a PDP or a 
rare gas lamp in which the phosphor of the present invention 
is used provides a high luminance. 

The phosphor of the present invention can be excited by 
ultra-violet rays other than the vacuum ultra-violet rays. 



X-rays, electronic rays, etc., and can be used in an element 
that utilizes ultra-violet rays other than the vacuum 
ultra-violet rays. X-rays, and electronic rays as an exciting 
source. 

Examples 

The following description will depict the present 
invention in more detail, referring to examples. The present 
invention, however, is not limited by the examples. 

Reference 1 

Respective materials including 2 . 44 g of barium carbonate 
(BaC0 3 ), 2.07 g of gadolinium oxide (Gd 2 0 3 ), 7.56 g of boric 
acid (H3BO3), and 0.16 g of europium oxide (Eu 2 0 3 ) were mixed, 
and thereafter calcined in air at 1000°C for 24 hours. Thus, 
a red phosphor expressed by a composition formula of 
BaGd 0 .925Eu 0 .075B9Oi6 was obtained. This phosphor was irradiated 
with vacuum ultra-violet rays by EXCIMER 146 nm LAMP 
(manufactured by Ushio Inc. ) in a vacuum chamber with a vacuum 
of not more than 6 . 7 MPa (5xl0" 2 Torr) . Consequently, the phosphor 
emitted red light. 

Example 

Respective materials including 2.56 g of barium carbonate 
(BaCQ 3 ), 1.09 g of gadolinium oxide (Gd 2 0 3 ) , 0.68 g of yttrium 



oxide (Y 2 0 3 ) , 7 .95 g of boric acid (H3BO3) , and 0.18 g of terbium 
oxide (Tb 4 0 7 ) were mixed, and thereafter calcined in a reducing 
atmosphere containing 2 percent by volume (vol%) of hydrogen and 
98vol%of nitrogen at 1000°Cfor 2 4 hours. Thus, a green phosphor 
expressed by a composition formula of BaGd 0 .4625Yo.4625Tbo.o75B90i 6 
was obtained. This phosphor was irradiated with vacuum 
ultra-violet rays by EXCIMER 146 nm LAMP (H0012 Typemanuf actured 
by Ushio Inc . ) in a vacuum chamber with a vacuum of not more 
than 6.7 MPa (5xl0~ 2 Torr) . Consequently, the phosphor emitted 
green strong light. 

The phosphor of the present invention, which has a high 
emission luminance , can be particularly suitably used in a vacuum 
ultra-violet radiation excited light emitting element such as 
a PDP or a rare gas lamp, thereby implementing a vacuum 
ultra-violet radiation excited light emitting element having 
a high luminance. Thus, the phosphor of the present invention 
has a significant industrial advantage 



